ABSTRACT The sex ratio of Bemisia tabaci was examined in the field, and ranged from a female-biased condition early in the season to male biased at summer's end. Laboratory studies showed that young females laid proportionately more female-producing eggs than older females, and that females with access to males throughout their life laid a higher proportion of females than those that mated only once shortly after emergence. These laboratory results provide at least partial explanations for the sex ratios observed in the field.
WHITE FLY, Bemisia tabaci (Cennadius), is often a serious pest of many field crops and vegetables. On cotton, the pest builds up to an outbreak level and causes losses in quality and quantity of the lint.
Since the 1930s a number of workers have studied the population dynamics and field trends of B. tabaci (reviewed by Horowitz [1986] ). However, information about the sex ratio of this pest is contradictory (Cerling et al. 1986 , van Lenteren & Noldus 1990 , Byrne & Bellows 1991 . In most animal populations, a sex ratio of 1:1 is conventional (e.g., Hamilton 1967 , Engelmann 1970 , but there are deviations from this ratio (Chapman 1969) .
Like most whiteflies, B. tabaci is arrhenotokous; females can regulate the sex of their progeny as long as they have a sufficient sperm supply, by selectively fertilizing some of their eggs. Changes in sex ratios with female age were observed for several arrhenotokous arthropods including the parasitic wasps Apanteles sp. (Cardona & Oatman 1975) and Bracon hebetor (Rotary & Cerling 1973) ; and the mites Panonychus ulmi (Herbert 1981) and three species of Tetranychus (Krainacker & Carey 1988) . A relatively high proportion of females can be produced early in the life of the population (Krainacker & Carey 1988) . This trait, as well as other sex ratio controlling mechanisms like differential survival of the sexes, may affect the population structure and dynamics of the insect (Lewontin 1965 , Krainacker & Carey 1988 .
Bemisia tabaci in Israel is a mobile pest, inasmuch as it moves from one host to another throughout the year (Cerling 1984 its populations are built up from a few founding individuals several times a year, and are subject to migration when the plant condition is no longer favorable (e.g., leaf senescence at summer's end). It is reasonable to assume that they will exercise their ability for sex ratio control under those conditions. Indeed, several different sex ratios have been reported for this insect (Cerling et al. 1986 ).
This study examined the sex ratio of B. tabaci in Israel and endeavored to recognize the factors that contributed to it. The study was carried out in two parts: (1) field studies to determine the sex ratio throughout the season in cotton fields, and (2) laboratory studies to examine the influence of multiple matings and female age upon sex ratios.
Materials and Methods
Field and laboratory experiments were conducted with 'Acala SJ2' cotton. The field study was conducted in an untreated cotton field of Kibbutz Kfar Aza in southwestern Israel, and lasted for three growing seasons from 1978 through 1980.
White fly adults were sampled by two methods: (1) direct visual counts; and (2) vacuum collecting, using a D-Vac sampling machine. Direct visual counts were used during the 1978-1979 seasons. This method was based on the fact that the adults remain inactive during cool temperatures, making it possible to count them early in the morning. Weekly samples were taken from randomly chosen plants early in the morning, when the temperature were ::s20°C;and consisted of 15 plants per O.I-ha plot in four plots (replications). All leaves on each plant were visually scanned and the whiteflies were counted and sex was determined in the field according to their size 0046-225XJ9210556-0559S02.00/0 © 1992 Entomological Society of America cl~Adul tsO-24h ......:. and shape (Li et al. 1989) . Weekly D-vac samples were taken during the 1979-1980 seasons of a similar plant and plot procedure as direct sampling. Immediately after sampling, bags with adults were placed in a deep-freezer for sex determination under a stereoscopic microscope at a later date.
The whiteflies for laboratory studies were cultured in controlled-temperature cabinets at 22-30°C, 62% RH, and a photoperiod of 14:10 (L:D). The white flies originated in a culture that had been collected from the field = 1 yr earlier. Sex ratio of progeny was determined by confining each female in a cage on a leaf. Laboratorygrown cotton plants with only one true leaf each were used.
The effects of female age and multiple matings on sex ratio were tested in two similar experiments, a flow chart of which is shown in Fig. 1 . The experiments differed only in that in experiment 2 the females were kept singly and allowed to mate only once at the beginning of their life, whereas in experiment 1 a male was kept with the female throughout her life, and multiple matings were observed. Female whiteflies were placed individually in leaf cages (clip-on type [Horowitz et al. 1984] ), which were inspected every 24 h, and a new male was added if the previous one had died. Cages were kept on the leaves for 48 h on each occasion, after which it was transferred with the white fly pair to a new plant. These experiments permitted us to compare the effect of continuous male presence and probable repeated matings on oviposition.
The plants where oviposition occurred were kept until adult emergence. Each was examined for the sex ratio of the emerging adults. Those where only males emerged were discarded, because the females were considered unmated. 
Results
The overall pattern of B. tabaci population fluctuations in the field repeated during each of the 3 yr of the study, although the details and absolute levels differed (Fig. 2) . The population pattern was typical of B. tabaci as discussed by Horowitz (1986) , and included four phases: (1) an establishment phase during May-June, when migrating females arrived and only a few adults per plant were found; (2) a build-up phase during July and early August, when local exponential growth occurred; (3) a high or peak population phase at the end of August and during early September; and (4) a decline phase at the end of September and during early October. The phases were associated with changes in the climate and in the physiological status of the cotton plants.
The sex ratio in the field varied according to the periods of the season. Early in the summer, excess females (3:1) were found. By midSeptember, the sex ratio approached 1:1, and after that males predominated. Although some differences were observed in the sex ratio trends each year, the general pattern was similar in the three seasons. Regression lines and equations that express the percentage of females among the seasons (Fig. 3) show that no significant differences between the lines were found either among the three seasons or the sampling methods.
Laboratory experiments (Table 1 and female's life. This was especially prominent in the females that mated ad libitum, where the sex ratio was above 1:1 for the first 7 d and then declined sharply (Fig. 4C ).
Discussion
As pointed out by Cerling et al. (1986) , the field results do not conform with all of the other results obtained in observations on B. tabaci sex ratios. Most notably, two patterns were reported: (1) a uniform, female-biased sex ratio with yearround populations on Lantana camara in Egypt (Azab et al. 1971) ; and (2) variable ratios that changed between male and female predominance (Pruthi & Samuel 1942 , Cerling et al. 1986 ).
The findings indicated that field populations of B. tabaci in Israel have a female-biased sex ratio early in the season, which changes to become male-biased from midsummer on. The lab experiments showed that the sex ratio of the progeny changes with the age of the mothers, producing a greater proportion of males as they get older. Such a change tends to produce direct correlation between the sex ratio and population growth (i.e., a relative rise in the proportion of females will be observed with population increase and a decline will occur with a drop in the population) (Krainacker & Carey 1988) . Changes in the sex ratio may also result from differential survival of the sexes. This will begin to affect the sex ratio of a newly established population (like whiteflies on cotton each spring or early summer) when mortality begins. In B. tabaci, where females live about three times as long as males (Avidov 1956 , Azab et al. 1971 , one would expect a female-biased sex ratio, especially if the females are able to survive to the full extent of their life expectancy. However, Exp. No. borter male longevity cannot explain the malebiased ex ratio late in the season.
Bemisia tabaci do not diapause but continue to develop, mainly as immatures, throughout the winter (Cerling 1984) . Consequently, they may employ different host-related strategies in different climatic regimes. In regions with continual vegetative growth throughout the year and moderate winters, one may expect them to inhabit the ame plants continuously, and they may sustain table population levels throughout the year. In le table environments, where summer temperatures are most suitable for development and vhere host plant quality is most suitable through midsummer, the whitefly population may be orced to change host plants. The change will be ccompanied by the establishment of new, actively increasing populations in the early part of the eason, when host quality and quantity are on the rise and population densities will increase accordingly (Horowitz 1986 ). Such populations ill be typified by a female-biased sex ratio. As the fall approaches, host quality decreases and ords less leaf area suitable for whitefly reproduction. Consequently, the populations become crowded and start to decline (Horowitz 1986 , Byrne & Houck 1990 ); this condition is accompanied by a change in population sex ratios in favor of males.
